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BACKGROUND OF THE INVENTION 

The present invention relates generally to 
10 microfluidic systems and devices and methods for their use. 

More particularly, the present invention provides structures 
and methods which facilitate the introduction of fluids into 
devices having microfluidic channels. 

Considerable work is now underway to develoo 
15 "microfluidic" systems, particularly for performing chemical, 
clinical, and environmental analysis of chemical and 
biological specimens. The term microfluidic refers to a 
system or device having a network of chambers connected by 
channels, in which the channels have mesoscale dimensions, 
e.g., having at least one cross - sect ional dimension in the 
range from about 0.1 jim to about 500um. Microfluidic 
substrates are often fabricated using photolithography, wet 
chemical etching, and other techniques similar to those 
employed in the semiconductor industry. The resulting devices 
can be used to perform a variety of sophisticated chemical and 
biological analytical techniques. 

Microfluidic analytical systems have a number of 
advantages over conventional chemical or physical laboracorv 
techniques. For example, microfluidic systems are 
particularly well adapted for analyzing small sample sizes, 
typically making use of samples on the order of nanoliters and 
even picoliters. The substrates may be produced at relatively 
low cost, and the channels can be arranged to perform numerous 
specific analytical operations, including mixing, dispensing, 
35 valving, reactions, detections, electrophoresis, and the like. 
The analytical capabilities of microfluidic systems are 
generally enhanced by increasing the number and complexity of 
network channels, reaction chambers, and the like. 
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Substantial advances have recently been made in the 
general areas of flow control and physical interactions 
between the samples and the supporting analytical structures. 
Flow control management may make use of a variety of 
mechanisms, including the patterned application of voltage, 
current, or electrical power to the substrate (for example,' to 
induce and/or control electrokinetic flow or electrophoretic 
separations) . Alternatively, fluid flows may be induced 
mechanically through the application of differential pressure 
acoustic energy, or the like. Selective heating, cooling 
exposure to light or other radiation, or other inputs may'be 
provided at selected locations distributed about the substrate 
to promote the desired chemical and/or biological 
interactions. Similarly, measurements of light or other 
emissions, electrical/electrochemical signals, and P H may be 
taken from the substrate to provide analytical results. As 
work has progressed in each of these areas, the channel size 
has gradually decreased while the channel network has 
increased in complexity, significantly enhancing the overall 
capabilities of microfluidic systems. 

Unfortunately, work in connection with the present 
invention has found that the structures and methods used to 
introduce samples and other fluids into microfluidic 
substrates can limit the capabilities of known microfluidic 
systems. Fluid introduction ports provide an interface 
between the surrounding world and the microfluidic channel 
network. The total number of samples and other fluids which 
can be processed on a microfluidic substrate is now limited by 
the size and/or the number of ports through which these fluids 
are introduced to the microfluidic system. Known structures 
and methods for introduction of fluids into microfluidic 
systems also generally result in the transfer of a much 
greater volume of fluid than is needed for microfluidic 
analysis . 

Work in connection with the present invention has 
also identified unexpected failure modes associated with known 
methods for introducing fluids to microfluidic channels. 
These failure modes may result in less than desirable overall 
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reliability for microfluidic systems. Finally, . need has 

m "n«il t? 3 C ° n " 9uo ™ "icrofluidic Mt ,„ rl , so 

to f-Uuate a variety o£ microfluidic analyses 

structures 1 '^" """"" ^ C ° ^-ed 

structures, systems, and methods which overcome or 

subs antiaUy mitr 9 ate at ieast some o £ the problems set forth 
above^ m particular, it would be desirable to provide 
-crofiurdic systems which facilitated the transfer of s m all 
volumes of £luid s to an introduction port of a .1 , ' 
substrate, and to increase the number of fluids „n cT^e 
™ «- »i t hin the substrate without increasing the 
overall s 12 e of the substrate itself. It „ ould J 

ZTJ"^ ^iT 3 " 16 C ° Pr ° Vide introduction 
were less ""'"^ *" d 

struc u M C ° £aUUre than knOW " introduction port 

str t . Finanyt ±t wouid ^ ^ P 

c ntronV ° ° hannel netU ° rkS " hiCh « to 

i:: a : ai^rr d T in9 uquids - ithin 

analysis of samples using differing fluid media. 
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summary the 

deficiencieTorr 6 " inVenti ° 0 ° V " C ° meS " lM " — ° £ the 
trciencies of known structures and methods for introducino 

urds rnto microfluidic substrates. In 5 „ e em^od It ' 

PO wnrr^" 10 " °" ^ 'he use o a 

Cap ma ; £ eXtend£ ^""^ thr ° U9h ^ structure. 

th" i r ;:; t ca r n a : u r to ~ tain the ^ — — . 

fluid within r ^ relYin9 0 " 9raViC y to h ° ld the 

other f ^ 6 Mind h0le ' * Seri « o£ or 

other fluids may be introduced through a single through-hole 
Port by sequentially blowing the fluid out of the port ana- 
replacing the removed fluid with different fluid 
Adva ousiy. an array of such through-hole ports can wic k 
lurds from the surfaces of a corresponding array of pins 
h reby avowing the need for complex pipette systems „ 
"Other aspect, the present invention provides microfluidic 
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substrates having channels which vary in cross-sectional 
dimension so that capuiary action spreads a fluid only within 

aspect, the introduction ports of the present invention may 
: " ' 8 * Ul "e"^y °£ very small channels leading from the 
port to a larger microf luidic fluid channel. These LaU 
channels filter out 

iter out particles or other contaminants which 
■night otherwise block the microf luidic channel . 

In a first aspect, the present invention provides a 
-crofluidic system comprising a substrate havino an „1 
-nace, . lower surface, and a microf luidic channe ^ 
b ween these surfaces. A „aU of the substrace 
port or receiving fluid. Th e port is in fl uid communication 

' ! hMne1 ' ««« ^ Port is open at both the upper 

surface of the substrate, and at the lower surface of the 
substrate. ne 

which is suff erally ; 3 c «"— Clonal tension 

which is sufficiently small so that capillary forces restrain 
the fluid within the port The SDec ifs„ ■ * restrain 
ripnoivq . F iile s P ec ific size of the port will 

depend in part on the properties of the material along its 

£ ; :l b ca r nary forces bet ^ n ^ *« 

can also be used to transfer the fluid from the outer surface 
of a pin, rather than reiying on a complex pipette system. 

h th 7 9h - tal * — f-ilitates the removal of 

the flu d from the port, as the fluid can be blown through the 

ITZTZT dl "«""' 1 "-sure, or simp ly displaced from 
surface ft\ ™ ^ <=h. lower 

prevl! ° SUbSt " te * ^rophobic serial to 

Prevent the sample fro. spreading along the lower surface 
wh le a hydrophilic rod or capillary tube may facilitate 
decanting of the fluid from the port. 

„„ h „ , In an ° ther as P ect - P^sent invention provides a 

method for introducing a fluid into a microfluidic channe o 

u s" ^ T' T m " h0d °° mPriSeS -e "uld f i 

o s de the substrate to a port of the substrate through a 

first surface. The port extends through the substrate, and 

opens on . second surface of the substrate. The micro luidic 

channel of the substrate is in fluid communication with J 
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Port between the f irst and second surf 

restrained within the port at lea.r • 13 
**c between the por t P and * * 

In yet another asoert- t-K. 
> P-ides a method for ^™^?£Z7JT* im 

a microfluidic substr^. ^ Polity of samples into 

arranged in an array , and the J 

array of ports on tne subs „ ate ^ w lth an 

ports of the substrate. 
In yet another asnpr-t- m= 
Prides a method for ^^T^~Z 
microflui dic substrate. The method ' ^ ^ * 

. fluid lnto a port Qf :r^ tr ^Tpo 1 T rtln9 3 

^-t fluid l8 transferred from the port into " °* 

channel of the sub^r^ * a "^ofluidic 

fluid • subs trate. An unused portion of the first 

tluid as removed from thp j tirst 

UUI " cne Port, and a second fi,,^ • 
mto the port second fluid as inserted 

- chsnnel :::: 0 ::rr the umu ~ 

the l imit region „ hich Urge ! e t C . tl0nal dMMS1 ™ ad 3»«n t 

dimension of the limit * Cross - se «r°nal 

or the Umit region. This difference f„ „ 

sectional dimensions inhibits wi cking fr^^lll 

mto the second channel. mit regi ° n 

Generally, a minimum cross-serH^i ^- 
limit region is sufficient 3^^" h °" al " <" 

-en there lm „o £luld in the'secon^ ^™ 

first channel and limit region end f . . ^P 1 ""/. the 

the second channel, while L second ch T^"" 1 ™ 

the intersection ,li,e the top bar in a "t"^ T^" " 

« -trcnlarl, advantageous to estaoli^p ede ZLZT"" 
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boundaries between two different fluids within a microfluidic 
channel network, as a fluid which is introduced into the first 
channel will wick through the channel to the linut region, but 
will not wick beyond the limit region into the second channel 
A second different fluid can then wick through the second 
channel, beyond the intersection with the first limit region 
thereby defining a boundary between the first and second 
fluids at the channel intersection. 

In another aspect, the present invention provides a 
method for controllably distributing fluids witMn 
microfluidic substrates. The method comprises wickxng a first 
fluid along a first channel and into a capillary limit region 
The first fluid is prevented from wickmg beyond the limit 
region and into a second channel by differential capillary 
15 force. 

The present invention also provides a filtered 
microfluidic system comprising a substrate having a reservoir 
and a channel having a fluid microfluidic cross-section A 
plurality of filter channels extend in parallel between the 
reservoir and the channel. Each filter channel has a cross- 
sectional dimension which is smaller than a fluid channel 
cross-sectional dimension of the microfluidic channel. 

In yet another aspect, the present invention 
provides a method for filtering a fluid sample entering a 
25 microfluidic channel network. The method comprises 

introducing the fluid sample into a port, and passing the 
fluid sample through a plurality of filter channels which a^e 
arranged in parallel. The filter channels block particles 
having cross-sections which are larger than a maximum filter 
particle size. The filtered fluid sample is collected and 
transported through a microfluidic channel having a cross- 
section which is larger than the maximum filter size. 
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BRIEF DESCRTP TIQN OF THE DRAWTNK.g 

Fig. 1 is a cross-sectional view of a typical 
microfluidic fluid introduction system, in which a pipette 
deposits fluid in a blind hole, and in which the fluid 
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pass through a singie microfluidic channel to enter the 

channel network. 

section Shi' 9 ' ' " * PerSPeCtive vie *> Partial cross- 
sect on showing a system for lntroducing an 

sables to a corresponding array of through-hole ports and 

also shows the use of hydrophilic rods to facilLL H 

2 fluid ^ from the through . hole - eca-ng 

the pr.ndples of the present invention. 

Fig. 3 is a cross-sectional view illustrate rv, 

:::ou°g f h c ::j llary forces to retain * r 

-rougn-nole port, and also illustrates the use of 
electrokinetic forces to transport the fl uid within _ 
microfluidic substrate. S 

differential 9 ' ' " * ' Cr ° SS - SeCtional view showing the use of 
differential pressure and a hydrophilic rod to decant a saJ 
from a through-hole port. aecant a sample 

filter to 5 ^ 9 Plan ° f inte ^ted reservoir and 

i o r ::: nt r ticles from hiockin * ^ 

llieis ot the substrate. 

in ,„ / i9 ' 6 is a "oss-sectional view showing the 
integrated port and filter of Fig. 5 . 

substrat 7 SChematica1 ^ "lustrates a microfluidic 

substrate hav.ng fluid stops „ nich c 

to be positioned within the network w 1C h the boundar es 
between the fluids being located at predetermined uIT 

-ucture Ind'oplrlll 7 ^^TV^ ^ 
Pig. 7. • ld St °P limit regions of 
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DETAILED W, TITO OF TnnjagcIFIC EMBflnTMFMre 

method is C H^ 1 " 1 mlCr ° fiUidiC introduction system and 
35 gelral lv f^"^^ in Pig. A 8ubstrate „ 

Dortio ^ lUed ' lower P°»ion 16 is bonded to upper 

which is in T T" ^ ^ * ««°"<*«° ~ la 
in fluid communication with port 14. A pipette 20 
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-;:r;:::L 22 P :: s ;:: — - ~ 

ic pressure to deposit the fi uid ln the 

Work in connection with the Dre «„ f , . 
, j- nt . • f • , , . . Lne Present invention has 

identified failure modes which could prevent fluid 22 f 
5 reaching channel la rh. k 22 from 

—on of ^^tzz^t 
r:c^r th : zit i the — :: - r 

Particles which are not 1 ^ ^ Channel ^ 

10 channel 18 will V ** ^ ^ mi "°fluidic 

annel 18 will be deposited at channel entrance 24 tu k 
blocking flow f rom the port tQ *" Ce 24 ' hereby 

channels get smaller an H channel ■ As microfluidic 

yeL smaller and smaller, thert* i e 3 „ 

--'"vi^y eo even : inu r P t c r :r ondin9 

structures"^?" £ , ailUre "° de tyPiCil = 

inc,^: b bb e h d :; p LT site H by pipetce 20 ^° ^ » 

entrance 2, to port 18 1 , " r bubble co "«s 

- through cpiu.^^!- £1Uld " 1U ™ »'« «» 

As the advantages of microfluidic struct,,™* 
9e„er>ll y enhanced by decreasing the size of the " 

-Ponents, rt is g enera lly desL bl e to de r a eTL f 

port 14 p nv . ^ , decrease the size of 

micro uidi " all ° WS Nation of 

nucrofluidic systems having larger numbers of fl uid DOrts 
substrate of a given size Thi« P °" a 

lT - :r:r to 

30 decreases, the livelihood that a ouhM ° f P °" 14 

the fiuid increases m , " ' be trapped under 

™» enough^Tirnui n r e^Ins^rW:" * ^ 

-strata with out s ub stantiall y enZing Z7 ^ °' "» 

3S microfluidL° ^IT^rT 

^icrofluid c 1 tr t 3 2 h tl0n " ' 

ports 34 „ S " bStr " e 32 ha ™9 « array of through-hole 
P°«s 34 as iUustrated in Flg . 2 . SampIes and 

transferred into throu 9 h-ho!e ports 34 as drops 3 6 on the 
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outer surface o£ . corresponding array o£ oi„ s 38 
Surpnsrngly, through-hole ports l„ - „ 

—ate 3 2 £rom an' upper ac 4 * ""a 7"^ ^ 

^o P s 36 „ in „ ick into thr o Uah . hol ° P ; r; r f :r 42 • 

> -trained „ lt hin the through-hole po y ap " 

between the fluid ,k capillary forces 

ne riuid and the surrounding ports A fl.Hd 

n::r £ ::;r d r rods 46 - hich '""-.'^ £ 

Pins 38 are mounted on a pin sunnnt-r- c- 
a c p n su PP°rt structure 4ft 

- JO are aligned with through-hole ports 34 a w 

° f - di ^al drops 36 may be transferee ^ 
simultaneously from the pins to the through-hole ports h 
moving pin support structure ^ Jf h ° le ^ by 

substrate 32 Droos ™ k / proxxmity with 

P,ns in an .^^/^ ^ ^ " * 
-stating the fluid ^^^^^ 
structure 48 nr hhn i -i wxtnin riuid support 

or the like. As only verv <vn*n a 
fin-i^ , y v ^ r Y small amounts of 

p x nyaraulic or pneumatic systems) t-y,* 
comDlexi> v systems;, the cost and 

dro s 0 r f s :: d fo v ransportin9 a iarse ^ °* 

>e S u b s ta „ ti r lly r d e V nt ;: SSOCi " ed — fl uidic ports can 
- an array oorLs on a to t"l * ^ 

—titer Pl ,te. e.g.. » _ o" pln T^Tj 5 

facilitate prenarino «, n ™ s P aci "9s, to 

. pre P arin 9 samples and other fluids with 
conventional chemical and biolog.cal technique. 

As drops 36 enter through-hole ports 34 hh„ 

air cln k!\ ""^ """"^ thr °"9 h ""borate 40 no 

p rt " t "T md of the' 

e in "e L d OU f"h° le PO " S °" " Pil1 ^ - 

the port In h h te n ° ted th " the "Nation of 

etc thac ; h Ver "- 1Cal C ° — ntal. angled, 

relative to an arbitrary orientation o £ the subscraCe 
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thigh ho 6 " anS£e ™^ ""p. 3^ on p lns 3a to 

cnrougn-nole ports 34. 

Generally, capillary forces draw £ luids £rom ^ 
S hannels to smaller channels. Hore specif ical ly , capiHary 
forces are lar 9 ely controlled by the minimum 

wick a fl uld from a channel having a width of 100 micromeCers 
and a depth of 20 micrometers into a contiguous channel ha™ 
XO . «dth of 10 . micrometers and a depth of 10 Aerometers " 

draT;i S 7' e CaPUlary £ ° rCeS M * tonally »e relied on to 
draw flurd fro™ through-hole port 34 into microfluidic 

channels within substrate ^? fnnf- <*u 

° Ui dtfc? inot shown m Pier o\ ^ i 

the mrerofl^dic channels have a waller crlsts tl a ^ " 

TZZ\ SmaUeSt "™ional tension of the 

through-hole ports. Additional or alternative m „ v, • 

t , aiuernacive mechanisms a -to 

so available for injecting flu.d fro m the through-hole por s 

nto the mlcrofluidic channels o£ theaub > 

2 0 : i 1 : e C " 0klnetic - ^""ential pneumatic pressure, and the 

As can be understood with reference to Fiq 3 
application of an electrical current, potential, or charge 
be ween mrcrofluidic channel 4 8 and a f luid SO within through- 

>s ZlTn ^ helP inje " Che fluid ^' 

wlste y ', a " ele " riCal P °"- — S2 will be couple, to a 

<and o reSerVi ° r ele " r0de 54 " Md " * ^ort 'Strode S 6 

and/or p ln 3 e, . Port electrode 56 is coupled to fluid 50 
through an electrical access port 57. The port access 

0 whL C retenTd" 38 " T" * £ °™ d » 

hrch extend downward rnto their associated ports from pin 

support structure „. or from a separate eiectrical 

assembly, so that no electrodes need be incorporated into 

T " ^ "™ the 

structure of a microfluid substrate which allows access to the 
» -crofluidrc channels for introducing fluids and other 

fluirwi^-"? 1 el8C " i " 11 >' Electrodes to the 

ports and other structures of the substrate which accommodate 
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a significantly greater volume of fluid than the microfluxdic 
channels. The use of electrokinetics as a transportation 
mechanism within mxcrofluidic channels is more fully described 
in co-pending U.S. Patent Application Serial No. 08/760 446 
; 1 : d ; SC * r 6 ' 1996 (Att °-ey Docket No. 17646-000510), and 
in Publxshed PCX Application No. WO 96/04547, the full 
disclosures of which are incorporated herexn by reference 
Similar transportation mechanisms may facilitate transfer of 
the fluid from the outer surface of pxn 38 to through-hole 
port 34 by the a PP lx Ca txon of an electrxcal field through the 
Pin and port electrode 56. Al ternatxvely , the through-hole 
ports of the present invention are also well suited for use 
with standard pipette systems. 

Slll USSfUl 8ubst «te materials include glass, quart, and 

silicon, as well as polymeric substrates, e.g., plastics. j„ 
the case of polymeric substrates, the substrate materials may 
be rigid, semi-rigid, or non-rigid, opaque, semi-opaque or 
transparent, depending upon the use for which they are 
intended. For example, devices which include an optical or 
visual detection element, will generally be fabricated at 
least m part , from transparent materials to allow or at 
least facilitate that detection. Alternatively, transparent 
windows of, e.g., g l ass or quartZ( may be incorpQrated 
the device for these types of detection elements 
Additionally, the polymeric materials may have linear or 
branched backbones, and may be crosslink or non-crosslmked 
Examples of particularly preferred polymeric materials 
include, e.g., polymethylmethacrylate ( PMMA) 

polydimethylsiloxanes (PDMS) , polyurethane , polyvinylchloride 
(PVC), polystyrene, polysulfone, polycarbonate, and the like 
, a .„ Cross - se ^ional dimensxons of through-hole port 

34 wxll typically be selected to provide sufficient capillary 
force between fluid 50 and the port to at least help restrain 
the fluid within the port. Preferably, the cross-section will 
have a minimum diameter which is sufficient to induce a 
capillary force which will overcome the force of gravity 
which pulls fluid so through che open bottom Qf 

hole port) . The specific minimum cross-sectional dimensions 
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of through-hole port 34 which will provide this capillary 
force will depend on the wettability of the material borderir 
the port, the fluid to be retained therein, the distance 
between the channel and the bottom of the substrate if the 
through-hole port has a verticle orientation, and the like. 
For example, through-hole ports in many plastic materials wil 
be smaller than similar through-hole port structures in glass 
substrates, due to the higher wettability of glass. 

Through-hole ports 34 will typically be drilled 

throuqh substrate 3? wirh * firnii=i- „„„._.: 

- — — — i.i.ujc-oci-i.iuii| i_nt: cross 

section of the through-hole port typically having a diameter 
of between about 0 . 1 mm and 5 mm, and ideally having a 
diameter within the range of from about 0 . 5 mm to 2 mm. Such 
holes may be drilled using "air abrasion", an erosion process 
which is similar to a precisely directed sandblast of the 
substrate material. Air abrasion services are commercially 
available from NYS Enterprises of Palo Alto, California. 
Alternatively, ultrasonic drilling or laser photoablation may 
be used to provide quite small, ports through the substrate. 
In other embodiments, small carbide drill bits may 
mechanically drill thorough the substrate to provide through- 
hole ports having small enough cross-sectional dimensions to 
induce the desired capillary forces. Through-hole ports may 
also be formed during the substrate molding or embossing 
processes, particularly when the substrates comprise polymeric 
materials . 

While the structures are here illustrated as having 
slightly tapering cross-sections, they may alternatively have 
constant diameters, or may decrease near one or both surfaces. 
The holes may be drilled through the entire substrate in one 
operation, or may alternatively be drilled independently 
through separate upper and lower portions of the substrate 
prior to bonding these portions together. The cross-section 
of the through-hole ports need not be the same through the 
upper and lower portions, and should be tolerant of some 
mismatch between the location and size of the openings formed 
in the upper and lower portions of the substrate. A wide 
variety of alternative port cross-sectional shapes may also be 
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used, with the diameter ranges given above generally defining 
the minimum cross-sectional dimension. For example 
rectangular (or any other arbitrary shape) ports may be formed 
in at least one portion of the substrate structure while the 
channels are formed by etching a fenestration through the 
substrate portion. 

Regardless of the specific cross-section, the 
through-hole ports will preferably have a total volume between 
the upper and lower surfaces of the substrate of less than 
about 20 M l ( ideally having a volume of between about 0.5 ^1 
and 10 Ml . as the through-hole ports of the present invention 
generally facilitate the use of smaller sample volumes, they 
are particularly advantageous for use in drug discovery 
applications, such as those described in co-pending U.S. 
Patent Application Serial No. 08/761,575, filed December 6, 
1996 (Attorney Docket No. 17646-000410), the full disclosure 
of which is incorporated herein by reference. 

Referring now to Fig. 4, a particular advantage of 
through-hole ports 34 is that they facilitate the introduction 
of multiple fluids into a microfluidic network using a single 
port structure. Fluid 50 may be removed from through-hole 
port 34 by applying a differential gas pressure P over the top 
of substrate 32 (relative to the pressure below the 
substrate), effectively blowing the fluid out through the 
25 through-hole port. Optionally, rods 46 decant fluid 50 from 

the through- hole port when the pressure extends the fluid more 
than a distance D beyond lower surface 42. A hydrophobic 
coating 58 (e.g., a polytetraf luoroethylene such as Teflon™ 
helps prevent smearing of fluid 50 over lower surface 42 of 
substrate 32, thereby avoiding cross-contamination of fluid 
samples. Decanting may be enhanced by a hydrophilic coating 
60 on the surface of rod 46, or alternatively by using 
decanting structures which have a capillary channel. Fluid 
removed from through-hole port 34 is collected in well 62, and 
the wells may optionally be connected by drains to a fluid 
disposal system. 

While differential pressure is a particularly 
advantageous mechanism for simultaneously removing fluids from 
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multiple through-hole ports ln a substrate 
invention al.n ""crate, the present 

£r.r :::::r;n £luld ^ • - — 9 
ln rr rtin ; r ::: n : „ :^z:^^ pins 3s - « - 

like. m general H„^ L tUr8S lnto P orts 34, and the 

or neutral solution may f irst be pn , StWOrk ' or a cleaning 

p« t 34 to minimi2e cj s ::;:: t : ia n ::r o ; n - ------ 

introduced fiuids. Regardless, the a bl lH y to 
introduce multiple fluids i„ r „ '"ility to sequentially 

a sin 91e P ort a n : h n ™ ui :r m 

Port as an interface betwe e "™ nces th e effectiveness of that 
surrounding world «i=»fl ul die network and the 

in suostratT'rL^inu" t" T ' * « 

- .ay alternati^ 1 b 1 I r: Uh ! «' 

described i-r^nL^^ * f^" 1 ^' P°" structure 

drilled through upper Portion^ ^s ^^r' " 
"Ucrofluidic channel 18 h». titrate 32, while a 

To prevent particles ro! M T ^ °" lo "« P"""" 

-itipiicity o , - r. : " 9 che entry C ° 1 «• a 

y ui raaiai filter channels 7n i^-,^ ^ 
«• Filter channels 70 transn.it f ' u, ■ H J ^ reServ ° ir 

header channel 72 „ h • k " nSmlt £luid £r » reservoir 66 to a 
However pl t T ^ " tutn ° pens to channel „. 

si,e ;:hic p : r e ; a rriL":: s ° me maximum fut - — 

" Channel, win be ,J t T^JT"^ ^ 

Particles from blocking channel is . Pr8VentS ^ 

Filter channel 70 has af io=c- 
sectional at lea st one smaller cross 

sectaonal dimension than channel 18 the filter- v, 
being smaller in C ro« . ■ filter channel often 

35 Preferably \h f ^"^^a 1 than channel i 8 . 

suffiT ^ ChannSlS 70 individually 

sufficiently small to block entrv nf 

i-PSde flow through chann Ts ^LllTlT" 
c. n ff^. L nuwever, there are a 

-Violent number of functionally parallel filter channels so 
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that the sum of the cross-sectional areas of all the filter 
channels together is at least as large as channel 18, ideally 
being substantially larger than channel 18 to minimize head 
loss through the filter structure. In fact, as filter 
5 channels 70 may individually be blocked by particulates, the 
sum of the cross-sectional areas of the filter channels ' will 
determine the filter capacity. In other words, the more total 
cross-sectional area of filter channels, the more particulate 
matter the filter can remove from the flow before the filter 
10 becomes blocked. Hence, the total cross-sectional area of all 
the filter channels together will preferably be in the range 
from about 2 to about 100 times larger than the cross-section 
of channel 18. Header channel 72 will typically be about the 
same size as channel 18. 

Channel 18 will typically have a minimum cross- 
sectional dimension of between about 0.5 and 100 fim. Filter 
channels 70 will generally be smaller than fluid channel 18, 
ideally having a minimum cross-sectional dimension of between 
about 10 and 50% of the minimum cross-sectional dimension of 
20 channel 18. There will generally be between about 10 and 100 
functionally parallel filter channels. Typical channel 
dimensions are about 10 micrometers deep and 70 micrometers 
wide for channel 18 and header channel 72, while the 
corresponding filter channels will typically be about 2 
25 micrometers deep and 10 micrometers wide. 

A wide variety of reservoir, filter channel, and 
header channel geometries might be used to prevent blockage of 
fluids as they enter fluid channel 18. For example, filter 
channels 70 may extend geometrically parallel to each other 
from one side of reservoir 68 to a straight header channel 
normal to fluid channel 18. However, the radial filter 
geometry illustrated in Fig. 5 is preferred, as it minimizes 
the substrate surface area consumed by the filter. 

Referring now to Figs. 7-9, it will be useful in 
many microfluidic networks to pre-position different fluids 
within a microfluidic network at predetermined locations. For 
example, a microfluidic channel network 74 includes an 
electroosmotic channel 76 from which three electrophoretic 
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separation channels 78 extend. Electrophoret ic channels 78 
will preferably contain a separation solution including a 
polymer, while electroosmotic channel 76 will preferably be 
filled with a buffer solution to facilitate transportation of 
a fluid sample from filtered reservoir 64. Unfortunately, if 
all of the channels have uniform cross-sections, any fluid 
introduced into any of the reservoirs 64, 80, 82, or 84, will 
wick throughout channel network 74. 

To limit the capillary wicking of a first solution 
86 to electrophoretic channels 78, the first solution is 
introduced into one of the adjoining reservoirs 82, 84. First 
solution 78, which will be an electrophoretic polymer 
containing solution in our example, will wick along a cross- 
channel 88 and into each of electrophoretic channels 78. 
Furthermore, the first solution will wick along each of the 
electrophoretic channels toward electroosmotic channel 76. 
The air displaced from within the electrophoretic channels can 
escape through electroosmotic channel, and out through the 
adjoining ports. 

To prevent the first fluid from filling the 
electroosmotic channel 76, a limit region 90 is disposed 
adjacent the junction of the two types of channels. Limit 
region 90 will have at least one cross-sectional dimension 
which is smaller than a cross-sectional dimension of the 
adjacent electroosmotic channel 76, the limit region ideally 
having a narrowest cross-sectional dimension which is smaller 
than the narrowest cross-sectional dimension of the 
electroosmotic channel. As a result, the first fluid will 
wick in to the limit region from electrophoretic channel 78, 
but differential capillary forces will prevent first fluid 86 
from passing through limit region 90 and wicking into 
eler-.roosmotic channel 76. The ratio of the minimum cross- 
sectional dimensions may again vary with the properties of the 
materials bordering the limit region and channels, with the 
limit region generally having a minimum dimension of less than 
90% that of the channel. Typical electroosmotic and 
electrophoretic channel dimensions will be about 70 M m wide by 



10 



15 



20 



25 



30 



35 



WO 98/55852 PCT/US98/1 1667 

17 

10 M m deep, while the corresponding limit regions may be about 
70 iim wide by about 2 /im deep. 

A second fluid 92 introduced at reservoir 80 will 
wick through electroosmotic channel 76 past limit regions 90, 
thereby defining an interfluid boundary 94 substantially 
disposed at the interface between limit region 90 and 
electroosmotic channel 76. It should be noted that 
electroosmotic channel extends across limit regions 90 (rather 
than having a dead end at the limit region) to avoid trapping 
air between first fluid 86 and second fluid 92. As a result, 
the air within electroosmotic channel 76 is free to leave the 
opening provided at filtered reservoir 64, so that all of the 
channels of channel network 74 are substantially filled with 
fluid. Although this example has been described in terms of 
"electrophoretic" and "electroosmotic" channels, it will be 
appreciated that the present invention can be used in any 
application where it may be desirable to place different 
fluids within intersecting channel structures. 

It should also be noted that second fluid 92, will 
wick into header channel 72 so long as the header channel is 
not significantly larger in its narrowest cross - sectional 
dimension than electroosmotic channel 76. Additionally, the 
buffer solution will proceed into the small filter channels 70 
from header channel 72. However, the buffer solution will 
generally not advance beyond filter channels 70 into reservoir 
66, as the filter channels effectively provide limit regions 
between the reservoir and the header channel. To prevent this 
"limit region" effect of the filter channels from inhibiting 
flow from the reservoir into the adjacent channel system, it 
will generally be preferable to introduce some fluid into the 
header and filter channels prior to introducing a fluid 
directly into reservoir 66. Similarly, fluid channel networks 
having a plurality of fluid introduction ports will generally 
include at least one unfiltered port structure. Otherwise, it 
might be difficult to advance any fluid into the network 
beyond the small filter channels surrounding each port. 

While the exemplary embodiments of the present 
invention have been described in some detail, by way of 
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illustration and for clarity of understanding, a number of 
modifications, adaptations, and alternative embodiments will 
be obvious to those of skill m the art. For example, the 
present invention may be used with microfluidic structures 
that rely on pneumatic p ressure or a vacuum to move materials 
within microfluidic channels. Therefore, the scope of the 
present invention is limited solely by the appended claims 
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WHAT IS CLAIMED IS; 



1. A microf luidic system comprising: 
a substrate having an upper surface, a lower 
surface, and a microf luidic channel disposed between the upper 

4 surface and the lower surface; 

5 a wall in the substrate bordering a port for 

6 receiving a fluid, the port in fluid communication with the 

7 channel; the port open at the upper surface and at the lower 

8 surface of the substrate. 



1 2. A microf luidic system as claimed in claim 1 

2 wherein a cross-section of the port is capable of inducing'a 

3 capillary force in the fluid to help restrain the fluid within 

4 the port . 

1 3. A microf luidic system as claimed in claim 1 

2 further comprising a first electrode in electrical contact 
with the channel, a second electrode adjacent the port, and a 
power source couplable to the first and second electrodes to 
inject material from the port to the channel 



6 electrokinetically . 



1 
2 
3 
4 



1 

2 
3 
4 



4. A microf luidic system as claimed in claim 1, 
further comprising a mechanism to transport the fluid to the 
port from outside the substrate, the transport mechanism 
including a pin which extends downward toward the port to 



5 transfer fluid on the pin to the port 



5. A microf luidic system as claimed in claim 4, 
further comprising a surface disposed below the port and 
separated from the lower surface of the substrate for 
collecting and removing fluid from the port. 



6. A microfluidic system as claimed in claim -5, 

2 further comprising a rod extending upward from the surface' 

3 toward the port to promote decanting of the fluid from the 

4 port . 
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7. A microfluidic system as claimed in claim 6 
wherein the lower surface of the substrate composes a 
hydrophobic material, and wherein the rod composes a 
hydrophilic material. 



8. A microfluidic system as claimed in claim 4 
further comprising a plurality of ports and an associated ' 
plurality of transport mechanisms. 

9. A microfluidic system as claimed in claim 1 
further comprising a mechanism to transport the fluidTc/the 
port from outside the substrate, the transport mechanism 
comprising at least one micropipette . 

10. A method for introducing a fluid into a 
microfluidic channel of a substrate, the method comprising- 

transporting the fluid from outside the substrate to 
a port of the substrate through an opening in a first surface 
the port extending through the substrate and having an opening 
on a second surface of the substrate, the microfluidic channel 
of the substrate being in fluid communication with the port 
between the first and second surfaces; and 

restraining the fluid within the port at least in 
part with a capillary force between the port and the fluid. 

11. A method as claimed in claim 10, further 
comprising electrokinetically injecting a material from the 
port into the channel. 

12. A method as claimed in claim 10, wherein the 
transporting step comprising advancing a pin downward toward 
the port from above the first surface so that a volume of the 
fluid on the pin wicks from the pin into the port. 

13. A method as claimed in claim 10, further 
comprising expelling the fluid from the port through the 
second surface. 



WO 98/55852 

PCT/US98/I1667 

21 

i 14 



2 



1 
2 
3 
4 
5 
6 
7 



7 
8 



A method as claimed in claim 13, further 
comprising transporting another fluid through the first 



3 surface and into the port. 



15. A method as claimed in claim 10, further 
comprising simultaneously transporting a plurality of fluid 
samples into an associated plurality of ports which extend 
through the substrate, retaining each sample within an 
associated port at least in part with capillary force, and 
simultaneously expelling the samples from the ports through 
the second surface with a pressure differential. 



1 16. A method as claimed in claim 10, further 

2 comprising applying a vacuum to draw the fluid from the port 

3 into the channel . 



17. A method for introducing a plurality of samples 
into a microfluidic substrate, the method comprising: 

forming a volume of each sample on an associated 
pin, the pins arranged in an array; 

aligning the array of pins with an array of ports on 
6 the substrate; and 

bringing the aligned pins and ports together so that 
the volumes transfer from the pins to associated ports of the 
9 substrate. 



18, A method for introducing a plurality of fluids 
into a microfluidic substrate, the method comprising: 
inserting a first fluid into a port of the 

4 substrate; 

5 transferring a portion of the first fluid from the 
port into a microfluidic channel of the substrate; 

removing an unused portion of the first fluid from 
8 the port; and 

inserting a second fluid into the port. 



1 19. A method as claimed in claim 18, wherein the 

2 first fluid is inserted through a first surface of the 
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substrate and removed through a second surface of the 
substrate substantially opposite the first surface. 

20. A method as claimed m claim 18, wherein fluid 
remains in the channel during removal of the first fluid and 



3 insertion of the second fluid. 



21. a microfluidic system comprising: 

2 a substrate having a first microfluidic channel and 

3 a capillary limit region; and 

4 a second microfluidic channel in fluid communication 
with the first channel through the limit region, the second 
channel having a cross-sectional dimension adjacent the limit 
region which is larger than a cross-sectional dimension of the 
limit region to inhibit wicking from the limit region into the 

9 second channel . 



1 22. a microfluidic system as claimed in claim 21, 

2 wherein a minimum cross-sectional dimension of the limit 
region is sufficiently smaller than a minimum cross-sectional 
dimension of the second channel that differential capillary 
forces prevent fluid from wicking from the first channel 
through the limit region and into the second channel when no 

7 fluid is present in the second channel. 



23. A microfluidic system as claimed in claim 21, 
wherein the second channel includes a first end and a second 
end, wherein the limit region is disposed at an end of the 
first channel, and wherein the limit region intersects the 
5 second channel between the first and second ends. 



1 
2 
3 
4 
5 



24. A microfluidic system as claimed in claim 23, 
further comprising a first fluid which extends through the 
first channel and substantially through the capillary limit 
region, and a second fluid which is different than the first 
fluid, the second fluid disposed within the second channel. 
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1 25. A microfluidic system as claimed in claim 24 

2 further comprising a plurality of first channels extending ' 

3 from a cross channel, each first channel being in fi uld 



communication with the second channel through an associated 
limit region, the header channel, the first channels and the 
limit regions containing a polymer solution suitable for 
electrophoretic sample manipulation, the second channel 
containing a buffer fluid for electroosmotic manipulation of 
samples. 



1 26. A method for controllably distributing fluids 

2 within microfluidic substrates, the method comprising: 



1 



4 



6 
7 
8 
9 



c — • 

wicking a first fluid along a first channel and into 
a capillary limit region; and 

preventing the first fluid from wicking beyond the 
limit region and into a second channel with differential 



7 capillary force. 



27. A method as claimed in claim 26, wherein the 

2 differential capillary force of the preventing step is 

3 produced by an increase in a minimum cross-sectional dimensi 
from the limit region to the second channel. 



on 



28. A method as claimed in claim 26, further 
comprising wicking a second fluid along the second channel 
beyond an intersection of the second channel and the limit 



region to define an interface between the first fluid and the 
5 second fluid. 

1 29. A filtered microfluidic system comprising a 

2 substrate having: 

3 a reservoir; 



4 a channel having a microfluidic fluid channel cross- 

5 section; and 

a plurality of filter channels, each filter channel 
extending between the reservoir and the channel, each filter 
channel having a cross-sectional dimension which is smaller 
than a cross-sectional dimension of the microfluidic channel 
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30. A filtered microfluidic system as claimed in 
claim 29, wherein the filter channel cross-sectional 
dimensions are capable of preventing the transport of 
particles from the reservoir through the filter channels which 
are large enough to block the microfluidic channel. 

31. A filtered microfluidic system as claimed in 
claim 30, wherein a sum of the cross-sections of the filter 
channel is larger than the cross-section of the fluid channel 
to minimize head loss when at least one of the f ilter channels 

is clocked. 



32. A filtered microfluidic system as claimed m 
claim 31, wherein each filter channel has a first end and a 
second end, the first end opening to the reservoir, the second 
end opening to a header channel, the microfluidic channel 
being in fluid communication with the filter channels through 
the header channel. 

33. A filtered microfluidic system as claimed in 
claim 32, wherein the filter channels extend radially from the 
reservoir. 

34. A filtered microfluidic system as claimed in 
claim 33, wherein the header channel extends circumf erentially 
around the reservoir. 

35. A filtered microfluidic system as claimed in 
claim 29, wherein the microfluidic channel has a minimum cross 
sectional dimension of within the range from about 1 ^ to 100 
Mm and wherein the filter channels each have a minimum cross- 
sectional dimension which is less than about 1/2 of the 
minimum cross-sectional dimension of the microfluidic channel. 

36. A filtered microfluidic system as claimed in 
claim 29, further comprising a port in fluid communication 
with the microfluidic channel, wherein fluid can enter the 
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2 a microfluL h " ^ * Sample ent — 9 

microfluidic channel network, the method comprising- 

introducing the fluid sample into a port • 

5 filter h PaS " n9 flUid SamPle * P^raiity of 

P le C s a h nn ^ ParallS1 ' ^^-^ 

particles having cross sections which are larger than a 

maximum filter particle size; and 

collecting the filtered fluid sample and 

ch r a a n n Zrha in9 ^ ^ * ^rofluidic 

channel having a cross-section which is larger than the 
11 maximum filter size. 



7 
8 
9 
10 



' . 38 • A meth ° d as c ^imed in claim 37, further 

IT 9 r^^— 9 ™> th « through another port and 

advancing the Qther fluid ^ P and 

filter channels prior to introducing the fluid sample 
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